Abstract-This paper presents an optimization approach to find optimal process parameters of multiple quality characteristics in plastic injection molding (PIM). Melt temperature, injection velocity, packing pressure, packing time, and cooling time are selected as process parameters in the experiment. Besides, product length and warpage are chosen as multiple quality characteristics. Taguchi orthogonal array is firstly conducted in the experiment and the experimental data are employed to calculate the signal-to-noise (S/N) ratio. Analysis of variance (ANOVA) is then used to find the best combination of parameter settings for product length and warpage. In addition, BPNN is used to construct an S/N ratio predictor. Then, the S/N ratio predictor is associated with GA to obtain the optimal process parameter. Finally, two confirmation experiments are taken to exam the effectiveness of proposed approach. Experimental results show that the proposed optimization approach not only can satisfy the quality characteristics, but also can improve process stability.
I. INTRODUCTION
Injection molding is commonly used to produce plastic product, because it can produce large amount of product in very short time with a low production cost. Moreover, several advantages such as short cycle time production, light weight, and high surface quality, makes plastic injection molding (PIM) as a solution for industries to survive in the competitive world. However, besides these advantages, PIM is a more complex process than it is thought to be. Inappropriate mold design, material and parameter settings will produce defects in the plastic parts. Many researchers investigate defects in PIM, such as warpage, shrinkage, sink marks, short shot and so on [1] - [4] . Well-controlled parameter setting is one of the solutions to avoid or reduce these defects. Previously, process parameters in PIM process relied on the technician's experience using a trial-and-error approach. However, this approach is not effective and unsuitable for complex manufacturing processes. Then, many studies used the Taguchi method to determine the combination of process parameters for improving product quality [5] , [6] . However, Taguchi method is not suitable to find the optimal parameter settings for continuous value and it has difficulties when used for multiple response process parameters design problem [7] . In Ozcelik and Erzurumlu research, warpage of thin shell plastic part was successfully reduced over 40% using combination of DOE, RSM, FEA and GA. [8] Yin et al. presented reduction of warpage value by 32.9% using the BPNN and finite element analysis (FEA). [9] In their study, they state that process parameters can be optimized with help of prediction system, where BPNN was used to predict the relationship between parameter settings and warpage value. [10] - [13] According to previous studies, many researchers only focused on optimizing quality in PIM using various methods, but they did not asses the stability of the process. Therefore, this study pays attention to both the product quality and the process stability.
II. PROPOSED APPROACH
This study proposes an optimization approach for multiple-input multiple-output (MIMO) in plastic injection molding. Melt temperature, injection velocity, packing pressure, packing time, and cooling time are selected as process parameters in the experiment. Product length and warpage are chosen as multiple responses. Experimental work is conducted using Taguchi orthogonal array. Experimental data are employed to compute the signal-to-noise (S/N) ratio, and ANOVA is used to find the best parameter settings. In addition, the S/N ratio predictor is constructed using BPNN. Then, S/N ratio predictor and GA are used to find optimal process parameters. Target length for product length is 170.5 mm and minimal warpage values are the objective of the product quality in this study.
III. EXPERIMENTAL RESULTS AND ANALYSIS

A. Experimental Equipment
This section presents an illustrative sequence of implementation of experimental work for process parameters optimization under five parameter settings and two quality responses of the proposed approach. The proposed plastic product is a rear cover of a printer part as shown in Fig. 1 and Fig. 2 . The target value of quality responses are 170.5 mm for length and lower value for warpage. Warpage value is recorded using laser measurement along the middle side of the parts (at the same side as measuring the length).
B. Implementation of Taguchi Method and ANOVA
The Taguchi orthogonal array L 25 (5 6 ) is selected in this study. The control factors, variables and levels, are shown in ) design. In addition, another five treatments for different settings are selected in this experiment and later will be used as testing data for BPNN. Nominal-the-best and smaller-the-better are used as the formulation to calculate S/N ratio of product length and warpage, respectively. The highest value of S/N ratio is determined as optimal initial parameter setting. Therefore, the treatment no.4 is selected as initial parameter for product length, since it has the highest value of S/N ratio (36.696) for product length. In addition, the treatment no.22 (26.313) is selected as the optimal initial parameter setting for warpage. The purpose of ANOVA analysis it to determine the significant factors affecting product's length and warpage from the experiment. By using P-value smaller than 0.05 as the threshold, the significant factors of warpage are packing time and cooling time. Vice versa, melt temperature, injection velocity, and packing pressure are considered not significant. The result of ANOVA analysis for product length and warpage is shown in Table II and Table III , respectively. According to the significance in the factors between the quality characteristics from the results of the ANOVA analysis, both quality characteristics with significant and insignificant factors adopt the average value as the optimal Taguchi factor level. For one of the quality with significant and insignificant factor, the level of significance is taken as the optimal factor. The initial parameter settings for highest S/N ratio for product length and warpage are shown in Table  III and Table IV . 
C. Optimization Model
The optimization constructed using combination of S/N ratio predictor (BPNN SN ) and genetic algorithm.
Twenty-five treatments from the Taguchi experiment are used as training data and the rest is used as testing data for BPNN SN . A program writting in MATLAB 2007 software is used to train and test the network. Five control factors (melt temperature, injection velocity, packing pressure, packing time and cooling time) are used as input. S/N ratio for product length and warpage are used as output responses of BPNN. BPNN has a hidden layer and contains 7 neurons. The range of normalization is from 0.1 to 0.9. Moreover, sigmoid function is used for the activation function. The training and testing performances (RMSE) of BPNN SN are 0.0032 and 0.0708, respectively. The fitness function of genetic algorithm for the optimization is shown as follows: ratios for length and warpage, respectively. Then, in the genetic algorithm is associated with S/N ratio predictor. The initial process parameter settings (initial population) for using in GA search approach is 255 for x 1 , 38 for x 2 , 33 for x 3 , 1.95 for x 4 and 20 for x 5 . Being a critical factor in search results of GA, the parameter comprise the following items to be configured. For the restrictive ranges of variables applicable to optimized search, the features of our variables in operations comprise size of a mating pool is 100, the crossover method is single point, the crossover rate is 0.8, the mutation method is single point, the mutation rate is 0.6, the threshold for convergence is 1.000e-006 or iteration of 10000 generations. After numerical analysis, the optimal parameters, x 1 , x 2 , x 3 , x 4 and x 5 , are 257, 41, 42, 2 and 18.5, respectively.
D. Confirmation Experiment
Two confirmation experiments were conducted to assess the effectiveness of these methods. According to the experimental results from 25 product samples, standard deviation for length of the optimization is 0.0150 and the Taguchi method is 0.0161. Warpage of the Taguchi method is 0.0462. The proposed approach also has the most stable quality for warpage (0.0258). In addition, the process capability index (C pk ) value of the optimization is 2.77 and Taguchi method is 1.41. The proposed optimization approach successfully finds optimal parameter settings which not only satisfy the quality specification, but also improve stability of the PIM process.
IV. CONCLUSION
Determination of optimal process parameter settings is a critical work that influences the capacity, quality, and cost of product manufacture. Engineers have conventionally used trial-and-error processes or Taguchi's process parameter design method to determine the final optimal process parameter settings. However, the application of these methods has some shortcomings and may cause engineers to make undesirable final optimal process parameter settings. This research proposes an effective process parameter optimization approach that integrates Taguchi's parameter design method, back-propagation neural network, genetic algorithms, and engineering optimization concepts. The proposed approach can effectively solve the flaw in the Taguchi method, which yields the global optimum while utilizing genetic algorithm to break away from local optimum. The experimental results support the proposed approach which not only enhances the stability of the entire injection molding process but also improves the quality characteristics, the length and warpage. According to the experiment results, the proposed approach is feasible and effective for process parameter optimization in plastic injection molding and can assist the manufacturing industry in achieving competitive advantages on quality and cost.
